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Abstract. A new wave of interest in long-run economic growth emerged
since the late 1980s. This paper uses a simple model to illustrate how tech-
nological change can be endogenised in macroeconomic theories of growth
and then surveys how – through factor mobility, the diffusion of innova-
tions and trade – spatial interdependence in a system of regions can influ-
ence technological change and growth. Endogenous technological change
generates in our illustrative model long-run steady-state growth in a closed
economy. However, it turns out that the dynamic impact of spatial inter-
dependence depends on the specification of the model. Spatial conver-
gence, a steady state with persisting spatial differences in growth rates and
unstable growth are all theoretically possible. Issues relating to the role of
aggregate demand and policy also receive attention. There is much scope
for further theoretical and empirical work on endogenous growth in a spa-
tial-economic context, while a better integration of micro and macro level
approaches is also desirable.
1. Introduction
The spatial-economic landscape exhibits a panorama of changing hills and
valleys of welfare levels. Why growth rates differ between nations, or re-
gions, is a fundamental question which has intrigued economists ever since
Adam Smith’s (1776) “Inquiry into the nature and causes of the wealth of
nations”. Research on the subject, however, has not been at a steady pace
during the past two centuries. Instead, there have been several waves of in-
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terest. Temporal and spatial differences in the standard of living were im-
portant issues for classical economists such as Adam Smith, Malthus
(1798) and Ricardo (1817). Except for Marx’s (1867) alternative interpreta-
tion of the driving forces in long-term capitalist accumulation, further ma-
jor theorising did not occur until the 20th century. During the first half of
this century, Schumpeter (1934) laid the foundations for recent insights into
the role of technological change and entrepreneurial competition in long-
run development, while Harrod (1939) and, independently, Domar (1946)
studied the growth of a Keynesian economy. In their model, the long run
growth path would be likely to exhibit either growing unemployment or ac-
celerating inflation.
The second half of this century has seen two major waves of interest in
the macroeconomics of growth. The first of these commenced with the
seminal articles by Solow (1956) and Swan (1956), whose neoclassical
growth model provided a more plausible description of the long-term path
of the economy than the Harrod-Domar model. Yet the major weakness of
the standard neoclassical model, and of the wave of theoretical contribu-
tions which built upon it, was that it did not provide an explanation for the
actual “engines” of long-run growth in income per worker, although its pre-
dictions were consistent with several stylised facts of economic develop-
ment.
The reason for this deficiency was not that economists were ignorant
about the causes of spatial or temporal differences in long-run growth rates
but, instead, that causes of productivity improvements such as innovation,
economies of scale and learning-by-doing had effects on the economy
which violated the assumptions of perfect competition and constant returns
to scale. As Krugman (1995) argued, the theoretical tools were not yet
available in the 1950s to study such phenomena of increasing returns and
imperfect competition within the accepted axiomatic neoclassical frame-
work. Consequently, policy makers requiring advice on how to improve na-
tional and regional growth rates needed to look elsewhere and the fields of
development economics and regional economics emerged respectively as
more pragmatic responses to fill this vacuum. Thus, theoretical and empiri-
cal models of regional growth could build upon the idea of growth poles
(Perroux 1955) or cumulative causation (Myrdal 1957; Kaldor 1970).
When several North-American macroeconomists returned to the issue of
long-run growth in the mid 1980s, now with new tools to formulate equi-
librium models with increasing returns and imperfectly competitive sectors,
a revival of the field emerged starting with the influential articles by Paul
Romer (1986) and Robert Lucas (1988). This literature describes macroeco-
nomic outcomes in terms of microfoundations such as an intertemporal
optimisation of consumption by rational and forward-looking households.
However, the essence of this idea itself goes back to Ramsey (1928) and
was earlier applied to growth modelling by Cass (1965) and Koopmans
(1965).
Parallel to the development of the new theoretical explanations, a vast
literature on the empirics of growth emerged, commencing with the contri-
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bution of Kormendi and Meguire (1985). Here the objective was not only
to identify causes of growth, but also to find out whether growth rates
across countries or regions converge or diverge over time.
The importance of increasing returns, externalities and imperfect compe-
tition for an understanding of the dynamics of economic development by
means of the “New Growth Theories” has also led to two related research
paradigms. One of these is the “New International Economics”, which pro-
vides a reformulation of the theories of trade and trade policy (see e.g.
Krugman 1988). The other is the “New Economic Geography”, which at-
tempts to explain the spatial distribution of economic activity, both in terms
of urban systems and in terms of regional development (see e.g. Krugman
1991; Fujita et al. 1995).
The wave of “New Growth Theories” and its empirical counterpart has
now reached a stage of maturity whose substantive contribution has already
been assessed in special issues of major journals and general surveys (e.g.
Ehrlich 1990; Stern 1991; Jones and Stokey 1992; Verspagen 1992; Romer
1994; Mankiw 1995; Jones and Manuelli 1997). There is also some dis-
sent, e.g. Scott (1989) provides an alternative approach which rejects the
use of the neoclassical production function. The empirical work on growth
has benefited from new comparative data bases for a wide range of coun-
tries in the world (e.g. Summers and Heston 1991; International Monetary
Fund, various years; World Bank, various years). However, some of the
conclusions regarding the determinants of growth drawn from such data ap-
pear as yet rather fragile (Levine and Renelt 1992; Mankiw 1995). Theory
and empirics are brought together skillfully in the textbook by Barro and
Sala-i-Martin (1995) which provides an advanced, but accessible, treatment
of all the major issues in theoretical models of economic growth and the re-
lated empirical investigations.
Thus, the present paper does not purport to provide yet another broad
survey. Instead, we will focus only on the spatial aspects of the neoclassi-
cal and the new growth models. A distinction is made between differences
in growth rates due to spatial variations in parameters which influence
growth in closed economies and causes of differences in growth rates be-
tween open economies. The predictions of the models are also compared
with the main conclusions of the well-established literature on regional eco-
nomic development. Finally, implications for regional policies are identified
briefly.
Many of the neoclassical and new growth models describe accumulation
in closed economies. Explanations for spatial differences in growth rates
between such economies must necessarily derive from differences in param-
eters, initial conditions or other exogenous variables. Closed economy ex-
planations of differences in growth rates are discussed in Sect. 2.
At the regional level, there is spatial interaction in terms of trade, capi-
tal flows, migration, diffusion of technological innovation and information
exchanges. Thus, the closed economy models can provide at best a very
limited understanding of regional growth. Section 3 considers the implica-
tions of introducing factor mobility, trade, economic integration and innova-
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tion diffusion into models of growth. It will become clear that the exten-
sion of the new growth models to the case of open economies is not yet
fully satisfactory, and much work remains to be done in this area (Barro
and Sala-i-Martin 1995, p. 128).
Section 4 focuses on the transitional dynamics in closed or open econo-
mies. An understanding of the transitional dynamics will enable predictions
to be made about convergence or divergence. An assessment of the some-
times contradictory empirical evidence on this matter is provided.
Section 5 compares the new theories of growth with the conventional
theories of regional development. While some of these have built upon
neoclassical theories (as surveyed in e.g. McCombie 1988a), the post-Key-
nesian perspective which puts more emphasis on the role of demand in the
economy and Kaldor’s formulation of technical change (Kaldor 1957), had
tended to be more popular (McCombie 1988b). The contribution, and po-
tential, of evolutionary economics for an understanding of the regional
growth process is also briefly addressed in this context. The final section
provides some general conclusions and suggestions for further research in
the field of spatial modelling of economic growth.
2. Why growth rates differ between closed economies
The process of economic growth, by which we mean the growth in real in-
come per person in an economy, can be described in a simple way by the
neoclassical model formulated by Robert Solow (1956) and independently
by Trevor Swan (1956). Their work remains important because many of
the new growth models can generate steady-state long-run growth paths
which resemble those of the Solow-Swan model, with the only difference
being that the new models now provide endogenous explanations for as-
pects of the Solow-Swan model which were assumed to be constant and
given, such as the production function, the rate of technological change,
the propensity to save and the population growth rate. Moreover, some of
the stylised facts of development of economies are consistent with the pre-
dictions of the Solow-Swan model, provided capital accumulation in the
model is interpreted as including human capital accumulation through edu-
cation and training (e.g. Mankiw 1995; Bal and Nijkamp 1997).
Thus, it is useful to commence with reviewing briefly the key features
of the Solow-Swan model. Consider a closed economy with competitive
markets and a constant returns technology. At date t, labour supply is L (t).
The exogenously given rate of growth of L (t) is n. Real production Y (t) is
assumed to result from combining inputs according to
Yt  FKt ; Ltext 1
where Kt is the stock of capital at time t and ext represents the effect of
exogenous labour-augmenting technical progress. The model neglects la-
bour-leisure choices and assumes full employment. Population and labour
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force are therefore equivalent concepts and both grow at rate n. Equation
(1) can be rewritten as
y^  f k^ 2
where the symbol ^ denotes a quantity per effective unit of labour Ltext.
We shall assume that f : has the usual “well-behaved” properties, forma-
lised in the Inada (1963) conditions. If the rate of depreciation of capital is
a fraction d of the stock, net investment is given by
_K  Y ÿ C ÿ dK 3
where · denotes a derivative with respect to time and C is the level of con-
sumption. Under these assumptions, we can derive the following equation
of motion for the amount of capital per effective unit of labour k^:
_^
k  f k^ ÿ c^ÿ n x dk^ : 4
In the Solow-Swan model, the tradeoff between current and future con-
sumption is not explicitly considered. Households simply consume a con-
stant fraction of income, which implies that there is a constant savings rate
s  f k^ ÿ c^
f k^ : 5
Substituting (5) into (4) gives the fundamental growth equation:
_^
k  s f k^ ÿ n x dk^ : 6
It is straightforward to show that given the assumptions made, any initial
resources K0 and L0 and the dynamics described by (6), the economy
will converge to a balanced, or steady-state, path asymptotically. In the
steady state, the quantities y^; k^ and c^ do not change and the steady-state
value of k^; k^ is found by setting the left-hand side of (6) equal to zero. In-
come, capital and consumption per capita each grow in the steady state at
the rate of technological progress, x. The absolute quantities Y ; K and C
grow at the rate x n.
This simple model suggests that if countries or regions have access to
the same technology (the same production function and the same rate of
technical change x), income per head must in the long run grow in each
one at the same rate. During the transition to the steady state, the less capi-
tal endowed economy will have a lower income per head and grow faster.
In the steady state, income per head will be higher in the economies with
lower population growth and lower depreciation of capital.
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The model as outlined above is only consistent with some of the
stylised facts about the growth of nations and regions. Mankiw (1995,
p. 277) summarises the predictions of the model as follows:
1. In the long run, the economy approaches a steady state that is indepen-
dent of initial conditions.
2. The steady-state level of income depends on the rate of saving and popu-
lation growth.
3. The steady-state rate of growth of income per head depends only on the
rate of technological progress.
4. In the steady state, the capital-to-income ratio is constant.
5. In the steady state, the marginal product of capital is constant and the
marginal product of labour grows at the rate of technological change.
Predictions 2, 4 and 5 among these are broadly supported by the empirical
evidence. However, predictions 1 and 3 are more contentious and have led
to a large empirical literature, which we review in Sect. 4.
The oldest way to endogenise one of the aspects of the Solow-Swan
model is to make savings behaviour endogenous. Following Barro and
Sala-i-Martin (1995), we refer to this model as the Ramsey model since the
original idea of optimal savings behaviour was developed by Ramsey
(1928). Cass (1965) showed that from any starting-point optimal capital ac-
cumulation converges to the balanced Solow-Swan growth path. The ad-
vantage of the Ramsey approach is that it permits a description of the econ-
omy in terms of the rational optimising behaviour of individual households
and firms, which is now the cornerstone of modern macroeconomics. It can
be shown that the Solow-Swan model predictions are consistent with those
of a model with intertemporal optimisation in an Arrow-Debreu competi-
tive equilibrium framework (e.g. Romer 1989).
In the Ramsey model, households seek to maximise lifetime utility1
given by
W 
Z1
t0
ucenteÿqtdt 7
where c  C=L and q is the constant rate of time preference. Note that
household utility rather than individual utility is in the welfare criterion
since the utility of each person’s consumption is multiplied by household
membership which grows at rate n. Assuming that the utility function has
the form
uc  c
1ÿh ÿ 1
1ÿ h ; 8
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1 Note that the usual “infinite horizon” assumption has been introduced for simplicity. Alterna-
tively, economic growth models can use the overlapping generations approach, first formulated
by Maurice Allais (1947) and subsequently in the seminal paper by Paul Samuelson (1958).
marginal utility u0c has the constant elasticity ÿh with respect to c. 2 To
find the consumption path c (t) which maximises (7) subject to (6) is a stan-
dard dynamic optimisation problem, which can be solved by Pontryagin’s
maximum principle of optimal control (Pontryagin et al. 1962). It can be
shown that on the optimal time path for consumption
~c   f 0k^ ÿ dÿ q=h 9
where ~ refers to a rate of growth, i.e. _c=c  :~c (see e.g. Barro and Sala-i-
Martin 1995, chapter 2). The long-run rate of return to capital is f 0k^
where k^is the steady-state effective capital intensity found by setting the
rate of growth in per capita consumption in (9) equal to x. Hence,
f 0k^  d q hx : 10
Some explicit formulae for the level and growth rate of income and the op-
timal propensity to save can be easily derived with the use of a Cobb-Dou-
glas production function. If a denotes the share of profits in income, this
production function is given by
f k^  Ak^a : 11
It is then straightforward to derive an equation for the time path of real in-
come per capita once the steady-state has been reached:
yt  A 11ÿa

a
d q hx
 a
1ÿa
ext : 12
The optimal propensity to save in the steady-state is again constant, as in
the Solow-Swan model, and is equal to
s  n x dk^

f k^ 
an x d
d q hx : 13
It can be seen from (13) that a low rate of time preference q and a high in-
tertemporal elasticity of substitution (i.e. small h) increase s. This demon-
strates the well-known prediction of the neoclassical model that a thrifty so-
ciety will in the long run be wealthier than an impatient one, but does not
grow faster. Note also that population growth no longer affects real income
per head in Eq. (12). A faster growing population will simply find it opti-
mal to save more (see Eq. (13)).
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2 The reciprocal of h is called the intertemporal elasticity of substitution r. A special case
occurs when the intertemporal elasticity of substitution is one. In this case h  r  1 and
uc  ln c. Consequently, a 1% postponement of consumption from now until later raises
marginal utility in the current period by 1%.
Both the Solow-Swan and the Ramsey model provide only two reasons
for differences in growth rates between regions or countries. The first is
that the rate of technological change x differs between economies. Reasons
for such differences are not explained. Secondly, economies may not yet be
on the steady-state growth path. In this case, poor economies with a low
quantity of capital per head would grow faster than rich economies. This is
referred to as the absolute convergence property of the model.
Barro and Sala-i-Martin (1995) suggest parameter values which will
make the Ramsey model generate both a plausible long-run growth rate,
but also a slow convergence to this growth rate which is consistent with
empirical observations (see also Sect. 4). The slow convergence can only
be explained with an interpretation of capital as a broad concept which also
includes human capital accumulation. With this interpretation, the share of
capital in income (combined with returns to education) is perhaps 0.75.
Thus, a  0:75. Other plausible parameter values for developed economies
are: the natural growth rate n  0:01, the rate of technical change
x  0:02; the rate of depreciation d  0:05, the rate of time preference
q  0:02 and the elasticity of marginal utility h  3. Substituting these
values in (12) suggests an optimal propensity to save of 45% (including
investments in education and training).
The purpose of many of the models of growth which have been devel-
oped during the last decade is to provide an endogenous explanation for
the natural growth rate n, or the rate of technical change x, or both.3 We
will focus here primarily on the latter issue, but we refer to Barro and
Becker (1989) for a model which explains the natural growth rate n in a
closed economy with exogenous technical change. In such an economy, the
population growth rate and the rate of technical change are inversely re-
lated. Their model is an extension of the Ramsey model, namely through
the introduction of a dynastic utility function: parents care about the utility
attained by their children when reaching adulthood and by subsequent gen-
erations.
Becker et al. (1990) describe a closed-economy model in which techni-
cal change and population growth are both endogenous (with productivity
growth driven by education). In this case, multiple equilibria emerge with
the possibility of an economy becoming trapped in a “low income growth
with high fertility” steady state. This is an example of a growth model in
which the steady state is sensitive to initial conditions, which is a general
feature of increasing returns and other “positive-feedback loop” models
(see also Arthur 1994). Thus, historical endowments and “luck” may be
critical determinants of differentials in growth which we may observe be-
tween countries or regions in such models.
A “poverty trap” can also be generated by the original Solow-Swan
model by simply assuming that the average product of capital f k=k is in-
itially declining, then increasing and finally again declining with increasing
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3 Another possibility is to make the internal rate of time preference, i.e. the discount rate,
endogenous. See Drugeon (1996) for the impact of growing impatience on long-run growth.
values of k (see Barro and Sala-i-Martin 1995, pp. 49–52). The possibility
of a poverty trap is a popular idea in the development literature, see for
example the “Big Push” model of Lewis (1954).
The process of labour-augmenting technological change, which proceeds
at a constant rate x in the Solow-Swan model, is the simplest formalization
of many phenomena which may lead to long-run productivity improve-
ments. In macroeconomic models with only one good, technological
change represents a growth of knowledge. There are four ways of accumu-
lating knowledge: research, schooling, learning-by-doing and training. Al-
ternatively, if a model permits more than one good, technological change
may be due to an increase in the variety of intermediate inputs or consumer
goods. Furthermore, the quality of goods may improve for a given variety.
Finally, increasing returns may result from economies of scale.
Endogenous growth models have been formulated for each of these situ-
ations. For example, Lucas (1988) describes one model in which education
generates external benefits and another model in which productivity im-
proves through learning by doing. The idea that experience spills over to
other producers goes back to Arrow (1962) and is also the engine of
growth in Romer’s (1986) model.
Other papers explicitly describe the activities of the R&D sector which
generates new knowhow, see e.g. Romer (1990) and Aghion and Howitt
(1992). Osano (1992) points out that basic research may have a stronger
impact on the growth rate than applied research. He proceeds therefore to
formulate a growth model with two research sectors. Schmitz (1989) points
to the importance of entrepreneurial imitation, while Stokey (1988) studies
the effects of the introduction of new goods on long-run growth. In this
context, Jovanovic (1995) notes that the emphasis on generating new
knowledge is overemphasised in the new growth models. A significant pro-
portion of resources in an economy is devoted to adopting existing recent
technologies rather than inventing new ones and firms frequently adopt
“dominated” technologies. Thus, new growth models which explicitly con-
sider the adoption decision are warranted. A recent issue in this context is
also the optimal timing of adoption of a new technology (Choi 1994).
Early adoption may create a competitive edge, but may be costly. Late
adoption may be less risky, but may also generate less benefits (see also
Koski and Nijkamp 1996).
A key issue is that technological inputs create spillovers due to the fact
that they are non-rival goods. New inventions are produced at a high cost
for the first unit but subsequent units (e.g. photocopies) can be produced at
virtually zero cost. This generates nonconvexities in production, even if
such goods are partially excludable (i.e. appropriable) through patents and
if adoption is costly. The technological spillover phenomenon is better cap-
tured by human capital accumulation or the introduction of new goods
rather than by physical capital accumulation.
In many of the models with endogenous technological change, the char-
acteristics of the dynamic competitive equilibrium can be traced by setting
up an optimal control problem similar to the Ramsey model. Where a
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steady-state exists, the presence of an externality, e.g. through R&D, cre-
ates a divergence between the private and social rates of return and the
competitive equilibrium may not be Pareto-optimal.
To highlight some common features of many endogenous growth mod-
els we will now formulate a simple model of endogenous technological
change in which the existence and properties of the steady-state are readily
established without having to explicitly solve the underlying dynamic opti-
misation problem.4 This will also simplify the discussion of growth in the
open economy in the next section.
As noted earlier, technological change is most conveniently interpreted
as a labour-augmenting process. Thus, if N measures the effective labour
input, N  LT , where L is the quantity of workers and T is an index of
the average quality of labour input, which depends on the stock of knowl-
edge and practices. In the Solow-Swan model, T grows at the exogenous
rate x. Here we relax this assumption. Central to the current view about the
process of technological innovation is that a change in T requires a produc-
tion process with real resource inputs, a multi-product output, its own tech-
nology, market structure, spatial differentiation and, indeed, its own chang-
ing technology (e.g. Dosi 1988). Hence we shall assume that a change in
T is generated by the following process of knowledge creation:
_T  H

R
L
; T

14
where R=L is expenditure per worker on activities such as education, train-
ing, R&D etc.5 Thus, the change in T is positively related to the intensity
of the effort devoted to the enhancement of labour quality as well as the
current level of labour quality. This function is assumed to be homoge-
neous of degree one, twice differentiable and concave. Both the public sec-
tor and private sector in the economy carry out knowledge-creating activ-
ities, funded through taxes and retained profits respectively. For simplicity,
we lump these activities here together and assume that a fraction s of
national income is allocated to this process of technical change. Hence,
R  sY : 15
As in the case of the accumulation of physical capital, a trade-off arises in
that a large value of s reduces current consumption, but yields a higher
level of output in the future. Using (14) and (15) we can derive that
~T  H

R
LT
; 1

 Hsy^ ; 1  hs f k^ 16
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4 Solow (1994, p. 49) has in fact argued that the intertemporally-optimising representative
agent formulation in itself has had little to add to the insights of the New Growth literature.
5 This equation is a generalisation of a model of endogenous technical change proposed by
Conlisk (1967), who assumed that dT=dt would be a linear function of Y=L and T .
Households now maximise lifetime utility according to Eq. (7) as
before, but consumption per capita c at any time cannot exceed
f k ÿ _kÿ s f k ÿ dk. There are now two decision variables, the propen-
sity to save and the propensity to allocate resources to technical change,
and if a steady-state growth path exists these propensities will both be con-
stant on the steady-state path. Consequently, income per head will still
grow at a constant rate in the steady state, as in the standard neoclassical
model, but (16) shows that this rate is now a function of both s (the pro-
portion of resources devoted to education, innovation etc.), and k^ (the
effective capital intensity). If we assume that the labour input L again
grows at an exogenous rate, n, we can derive a “fundamental growth”
equation similar to Eq. (6) for the Solow-Swan model. For given s and s,
the path of the effective capital intensity k^ is given by
_^
k  s f k^ ÿ n hs f k^  dk^ : 17
The long-run equilibrium level of the effective capital intensity is given by
k^ for which _^k  0. Under the specified conditions, such an equilibrium
exists and is stable (see Nijkamp and Poot 1993a).
The merit of this simple model of endogenous technical change is that,
in contrast with the Solow-Swan or Ramsey model, it identifies various
sources of differences in growth rates between countries and regions.
Firstly, the model shows that thriftiness is good for an economy: if, e.g., a
removal of tax distortions raises the propensity to save, the per capita
growth rate becomes permanently higher. 6 Similarly, if capital is depre-
ciated faster or the labour force grows faster, the rate of growth of output
per capita decreases. Finally, if the proportion of income devoted to the
production of technical change increases, the rate of growth of output per
capita increases. These results can be readily derived from considering the
effect on the per capita growth rate hs f k^ when changing a parameter
in (17) and setting _^k  0.
If government can influence the parameters of the growth model (sav-
ings behaviour, R&D, population growth), the endogenous growth model
also points to ways in which government could permanently raise the long-
run growth rate. It is also possible to formulate endogenous growth models
in which the activities of government become explicit in the form of provi-
sion of infrastructure, pure public goods, the protection of property rights
and taxation policies. For example, Barro (1990) considers a model in
which the total of government purchases becomes an additional production
factor (external effect) in the production function of private firms.
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6 One issue, which we do not address in this paper, is the effect of savings behaviour in mod-
els of heterogeneous capital. The introduction of heterogeneous capital may lead to paradoxi-
cal results, see e.g. Garegnani (1970) and Hatta (1976). The issue was raised in the context of
the “Cambridge-Cambridge” debate regarding the meaning of the concept of capital and the
notion of an aggregate production function (see e.g. Jones 1975 for an introduction into this
debate).
The above model generates constant long-run growth, but endogenous
growth models may also generate ever-increasing growth rates due to in-
creasing returns. An example can be found in Romer (1986), who justifies
such a model by the observation that in the very long run (over several
centuries) worldwide labour-productivity growth has been accelerating (see
also Kremer 1993), although it is equally true that during the last forty
years productivity growth exhibited a downward trend among developed
countries (Romer, 1989). Nijkamp and Poot (1993b) formulate a model of
increasing returns in which such ever-increasing growth is eventually
checked by technological, social and economic capacity constraints.
Another plausible break on ever-increasing growth is a deterioration of
the natural environment. On the one hand we may find that damage to the
environment or an increasing scarcity of natural resources restricts the
economy’s ability to generate innovations which drive the growth in in-
come per head (Barbier 1996). On the other hand, it is likely that a society
becomes more interested in environmental preservation at higher incomes.
A growing preference for a clean environment may then become incompati-
ble with growth when the production technology exhibits increasing returns
to scale (Yoshida 1995). However, if pollution abatement technologies
themselves benefit from endogenous technological change, more resources
devoted to such activities may lower output growth in the short run, but
increase it in the long run (Bovenberg and Smulders 1996). This phenom-
enon is also referred to as the environmental Kutznets curve.
3. Long-run growth tendencies in open economies
Our analysis has been so far confined to the case of the closed economy.
The growing importance of trade, capital flows, a diffusion of product and
process innovations, and migration at the interregional and international
levels, suggests that spatial interactions need to be explicitly considered,
both in terms of their direct effects on growth and their effects on techno-
logical change. In this section we address these issues by considering, in
this order: factor mobility, diffusion and trade.
3.1 Factor mobility
If interregional differences in preferences, factor endowments or technology
generate interregional differences in returns to production factors, a reallo-
cation of production factors may be expected. The impact of this realloca-
tion depends on the assumed characteristics of the model of the interacting
economies. In standard neoclassical analyses in which spatial factor price
differentials are due to differences in factor endowments, factor movements
have an equilibrating effect. However, with differences in preferences or
technology, factor movements may lead to divergence in which all mobile
resources are eventually attracted to one region (see e.g. Nana and Poot
1996).
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This contrast is also evident in the attempts to date to formulate the
neoclassical growth model in an open economy setting. For example, it is
often considered plausible to assume perfect capital mobility and immobile
labour. Barro and Sala-i-Martin (1995, chapter 3) find that in these circum-
stances a multi-country Ramsey model generates several paradoxical con-
clusions. Firstly, the speed of convergence to the steady state is infinite.
Secondly, consumption in all but the most patient country tends to zero and
assets in these countries become negative. Finally, the most patient country
eventually owns all resources and consumes all output.
In practice, capital is far from being perfectly mobile and, specifically,
capital does not seem to flow from rich to poor countries to the extent that
neoclassical models would predict. Similarly, human capital may migrate
from places where it is scarce to places where it is abundant (a process
sometimes referred to as the “braindrain”), rather than vice versa (Lucas
1988). These observations may be explained by asymmetric information,
imperfect credit markets or labour markets, or adjustment costs for invest-
ment (Barro and Sala-i-Martin 1995; Gordon and Bovenberg 1996). Alter-
natively, the incentives for capital mobility may be exaggerated, because
spatial real risk-adjusted rate of return differentials may in fact be small
due to significant differences between countries in human capital accumula-
tion, the external benefits of human capital, capital market imperfections
and political uncertainties (Lucas 1990; Mankiw 1995).
However, as long as a production factor moves in the “right” direction
(i.e. to where its price is higher) it has in the neoclassical growth models
the tendency to speed up convergence to the steady-state. As an example,
we illustrate the role of factor mobility in the endogenous growth models
by explicitly considering labour migration.
Separating the effect of “natural” growth and migration, the change in
labour supply is given
_L  nLM 18
in which net migration M may be assumed to be given positively related to
the effective capital intensity k^ since the real wage is f k^ ÿ k^ f 0k^, which
increases with higher values of k^ (see also Barro and Sala-i-Martin 1995,
p. 288). Hence
M  mk^L 19
in which mk^ is the migration rate, which is an increasing function of k^.
Migrants can also bring capital with them, so that the change in the domes-
tic capital stock is now given by:
_K  sFK ; L^ ÿ dK  M 20
where  is the value of capital per migrant (which could be human capital
when K is interpreted in a broad sense). When we combine (18)–(20) with
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our earlier model of endogenous technical change, the following dynamic
equation for the effective capital intensity emerges:
_^
k  sf k^ ÿ hs f k^  d nmk^k^mk^^ : 21
As in the previous models, Eq. (21) can be used to identify which factors
influence the long-run growth rate. It is clear that in addition to policies
with influence R&D, immigration policies can now also affect the long-run
growth rate. For example, if immigration controls are relaxed, the mk^
function may shift upward. This would lead to a lower steady-state effec-
tive capital intensity k^ and it would also lower the long-run growth rate in
per capita income.
The conclusion that immigration lowers the growth rate requires the as-
sumption that there is no change in the amount of capital which immi-
grants bring with them. If a new immigration policy targets specifically
highly skilled workers, this raises ^ and leads to an increase in k^, so that
in this case the long-run growth rate will increase.
In addition, migrants may directly influence productivity growth in var-
ious ways. If migrants provide new ideas and encourage investment which
embodies new technologies, there are dynamic gains from inward migration
not captured in (21). The empirical literature suggests that there are indeed
dynamic gains from migration, at least in the traditional immigrant receiv-
ing countries of North America and Australasia (see also Gorter et al. forth-
coming). This literature suggests that net immigration in these developed
countries has raised per capita incomes. The regional literature also sug-
gests that migrants on balance move in the “right” direction, but that this
reallocation does not reduce interregional disparities (e.g. Van Dijk et al.
1989). These observations would be consistent with a “cumulative causa-
tion” process rather than neoclassical convergence. However, recent work
by Persson (1994) and Cashin and Loayza (1995) finds empirical evidence
for migration aiding convergence among Swedish regions and between
South Pacific countries respectively.
A final point to note with respect to growth models with endogenous
migration is that the migration function in Eq. (19) is a macro function,
which does not explicitly consider the micro-level behaviour of individual
households. For example, migration will be a function of the gain from mi-
gration in terms of wages or amenities, but this gain may depend on inter-
regional differences in the rate of technical change rather than just the
amount of capital per worker. Moreover, if the productivity growth rate be-
tween regions or countries differs, mobile labour may have the same effect
as mobile capital which we discussed earlier, namely the final equilibrium
may be a corner solution in which all population is concentrated in one re-
gion. To avoid such an extreme, it is plausible to introduce some capacity
constraint either in terms of technological bottlenecks or congestion of a
natural resource (see also Nijkamp and Poot 1993b). Braun (1993) formu-
lates several growth models with endogenous migration.
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3.2 Diffusion
Diffusion analysis has become an important field of research in industrial
economics. At the micro level, it does not only focus on the distribution
and adoption of new technologies (see Brown 1981; Soete and Turner
1984), but also on business services and networks related to technological
transformations (Cappellin 1989; Bertuglia et al. 1997). In most diffusion
studies the S-shaped (or logistic) curve forms a central component (Davies
1979; Morrill et al. 1988). Both the adoption time and the adoption rate
can be pictured in this curve. The precise shape of the S-curve can then be
explained from firm size, market structure, profitability of innovations etc.
(Kamien and Schwartz 1982).
An important negative role can be played in this context by barriers to
information transfer in a multi-region system (Giaoutzi and Nijkamp 1988).
Without the right local conditions, the adoption of diffused technological
innovations may also not be effective. For example when adoption requires
a skilled work force, a low level of human capital accumulation will slow
down technological change. Kubo and Kim (1996) find evidence of a
strong complementarity between imported technology and human capital in
a study of growth in Japan and Korea.
Several authors have proposed long-run growth models which incorpo-
rate the diffusion of technological change, for example Krugman (1979),
Grossman and Helpman (1991) and Barro and Sala-i-Martin (1995, chapter
8).
For simplicity, we do not consider logistic diffusion here. The simplest
way to investigate the effect of diffusion in our dynamical system is to re-
place the equation for productivity growth (16) by
~T  hs f k^  dhs f f k^ f  22
where d is a diffusion parameter and the superscript f refers to a second
country or region. This parameter is likely to vary over time and space. In
the general case, the dynamics of a multi-regional system with endogenous
technological change and innovation diffusion can be quite complex, but
the properties of the system can be studied by means of simulation results
(see Nijkamp et al. 1991).
When d is taken to be a constant parameter, it is straightforward to
show that diffusion is compatible with a steady state in which both regions
could grow at different rates. This result is obtained by substituting the en-
dogenous rate of technical change (22) into (17) or (21) and by writing
down a similar equation for the second country. The equilibrium effective
capital intensities k^ and k^ f  can then be found as the steady-state solution
to the resulting two simultaneous differential equations (see Nijkamp and
Poot 1993a).
As k^ and k^ f  need not be identical, there can be in this model of tech-
nological change and diffusion a difference in steady-state growth rates be-
tween regions. Regions will then diverge in terms of a growing absolute
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difference in real income per head. If the steady-state growth rates differ,
because the equilibrium capital intensities differ, there will be a persistent,
and constant, difference in the rate of return on capital and an increasing
real wage gap unless migration and capital movements (in opposite direc-
tions) are significant enough to reduce the factor price gaps.
If the diffusion parameter is very large, “overshooting” may take place
and the system would then be characterized by saddle-path stability (see
Nijkamp and Poot 1993a). Thus, ever increasing growth rates or growth
rates reducing to zero are then a possibility. 7
In conclusion, factor mobility and a plausible rate of diffusion have in
this model the usual equilibrating effect of bringing capital intensities
closer. In the circumstances in which a steady state exists, it is easy to iden-
tify the benefits of diffusion: compared with the situation of autarky, the
equilibrium effective capital intensity is lower, the rate of return to capital
is higher and income per capita grows at a faster rate.
The model discussed above treats both countries identically, i.e. diffu-
sion takes place in both directions. As the adoption of imported technology
usually also requires resources, firms must compare at the margin the cost
of adopting imported technology with the cost of their own R&D activities.
Barro and Sala-i-Martin (1995, p. 276) show that it is likely that a leader-
follower situation will emerge in which one country eventually allocates its
entire product and process development budget to imitation of foreign ideas
while the R&D sector in the other generates all new ideas. Switches of
roles may take place in the long run (see also Choi 1994).
Similar results regarding the choice between imported technology and
R&D activity along the optimal growth path were obtained by Nijkamp
and Poot (1993b). During the “take off” phase of the growth path – when
real incomes are still low – productivity growth is driven by importing new
technology. At the second stage, a domestic R&D sector may develop,
which leads to increasing returns in the economy. However, the R&D sec-
tor eventually matures when growth becomes limited by natural resource
constraints or other bottlenecks. The issue of an absorptive capacity for
technological change in a growth model is also addressed by Keller (1996).
3.3 Trade
The Solow-Swan model, Ramsey model and the endogenous growth mod-
els referred to so far focus only on the supply side of the economy, i.e. the
production factors and the level of technology. Within the standard neo-
classical framework, trade has in fact no role to play beyond speeding up
convergence (through Heckscher-Ohlin resource reallocation effects) and
determining the steady-state world prices. The long-run growth rate itself
remains purely a function of technological change and this process is not
influenced by trade in the standard models.
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7 This was confirmed by simulations with a three-region model of endogenous technical
change and spatial diffusion. A wide range of outcomes could emerge (see Nijkamp et al.
1991).
For example, the traditional neoclassical trade-and-growth model (Oniki
and Uzawa 1965), suggests that two trading regions (with an identical rate
of growth of labour supply) would, under standard conditions, move to-
wards a long-run balanced growth path. The two regions grow on this path
at identical rates and the pattern of specialisation is determined by the equi-
librium factor intensities, i.e. the regions would produce relatively more of
the good which uses the abundant production factor more intensively.
The restrictive assumptions of equal labour force growth and identical
technological change are in fact required to ensure a stable long-run steady
state in which relative prices (and therefore the terms of trade) are constant.
Nijkamp and Poot (1993a) show that when the Oniki and Uzawa trade
model is extended to include the model of technological change described
in the previous section, a steady state is unlikely to exist and the terms of
trade will continue to change. A qualitatively similar result is obtained by
Lucas (1988) in a model of learning by doing and trade.
The description of technological change as a process of imperfect com-
petition and increasing returns through increases in the variety of goods or
improvements in product quality lead naturally to the question what the im-
pact of trade would be under these more realistic assumptions of the new
growth models. Grossman and Helpman (1991) provide an extensive dis-
cussion of the links between innovation, trade and growth in the open
economy. Several new “trade and growth” models have been formulated.
Rivera-Batiz and Romer (1991) show that when R&D activity is driven by
the monopoly rights of producers to sell new intermediate goods, economic
integration of these types of economies (assuming they are structurally
identical) can raise the world growth rate. Thus there are both static and
dynamic gains from trade in this type of model. However, Rivera-Batiz and
Xie (1993) show that when the countries have different sizes and diverging
resource endowments, economic integration will lower the growth rate of a
country with a high (autarky) growth rate, while it will raise the growth
rate of a country with a low (autarky) growth rate. Devereux and Lapham
(1993) find that the post-integration equilibria in these types of trade and
growth models may be unstable. Moreover, a specialisation based on com-
parative advantage leads to a sub-optimal investment in R&D activities by
resource-rich economies (Grossman and Helpman 1994).
The Oniki and Uzawa trade- and growth-model assumed that the labour-
augmenting technical change affects both the consumption and the invest-
ment goods sectors equally. In contrast, the new growth models describe
how labour productivity improvements can vary between sectors, or how a
trade advantage is generated by product innovations such as is described in
the product cycle theory (Vernon 1966; Krugman 1979). Alternatively, it
may be the level of activity in specific sectors which provides a “learning
by doing” spillover benefit for the whole economy. In this case it is
straightforward to show that an increase in the supply of the resource used
intensively in the knowledge-generating sector speeds up growth (Gross-
man and Helpman 1990a). Similarly, the market allocation of resources to
this sector is suboptimal because firms do not take a spillover benefit into
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account. Not surprisingly, the presence of a positive externality implies that
subsidising the R&D sector improves welfare.
In a multi-regional context, the capture of spillover benefits from other
regions increases growth, but what matters now from the policy perspective
is which of the regions has a comparative advantage in the R&D sector. If
subsidies are given to regions which are better at manufacturing rather than
innovating, the overall growth rate may decline.
A typical model of comparative advantage and long-run growth is de-
scribed by Grossman and Helpman (1990b). In their model, there are three
sectors: an R&D sector, which produces blueprints for new products and
also generates increases in the stock of knowledge, an intermediate goods
sector and a final consumption goods sector. Resources devoted to R&D
raise the number of available varieties of differentiated inputs in final pro-
duction and this in turn raises total factor productivity. If this model is ap-
plied to two regions, each which fixed primary resources, a steady-state
growth rate can be computed and its sensitivity to policies analysed. For
example, a small R&D subsidy in both regions increases in this model the
rate of growth, while a national trade policy that switches spending toward
the consumer good produced by the region with a comparative advantage
in R&D will cause long-run growth rates to decline. Diffusion can also
have a significant effect on the long-run growth rate in this type of model.
Moreover, it is also possible to study environmental externalities and envi-
ronmental policies in this context (Elbasha and Roe 1996).
The increasing returns due to economies of scale or technical change in
many of these models generates a sensitivity to initial conditions. It is intui-
tively clear that “uneven development” is a necessary outcome of such a
situation: an initial discrepancy in capital-labour ratios between regions will
be reinforced over time. Trade specialisation may also generate such un-
even development. Kugman (1981) provides a well known example of this
situation. Krugman assumed that two products, an agricultural good and a
manufactured good, can be produced by means of Ricardian production
techniques, with increasing external economies of scale. Such external
economies are of course often empirically indistinguishable from technical
change. In either case, the technical coefficients representing the input re-
quirements per unit of output decline as the capital stock increases. In this
situation the region with the larger initial capital stock has the higher profit
rate and, if all profits are saved, generates the fastest capital accumulation.
The result is an ever-increasing divergence between the regions, which only
ends when a boundary of some kind has been reached. Krugman assumed
this to be a limit to labour supply. Kubo (1995) formulated an extension of
Krugman’s model in which there is an interregional externality in the form
of spillovers of knowledge or other benefits of regional agglomeration. In
this case, a range of stable or unstable development patterns may emerge
with the actual outcome dependent on the values of the parameters.
Production factor growth and commodity trade may also reinforce each
other through technical change. Lucas (1988) suggested that a difference in
human capital accumulation is one of the main causes of a difference in
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growth rates between regions or countries. Different goods have different
potentials for human capital growth through on-the-job training or through
learning-by-doing. Consequently, the comparative advantage which deter-
mines which goods get produced also determines the rate of growth in hu-
man capital (and therefore technical change). Lucas’ (1988) model of trade
and growth has features similar to Krugman’s (1981) model, although the
increase in the efficiency of the Ricardian production technology in the for-
mer is due to human capital accumulation through learning by doing, rather
than economies of scale through physical capital accumulation. Nonethe-
less, if two goods are produced which are “good” substitutes (i.e. they have
a substitution elasticity greater than one), there will be a tendency for com-
plete specialisation with the direction of specialisation determined by the
initial conditions.
Many of the “new growth theory”, “new economic geography” and
“new international economics” models have in common a possibility of
multiple stable or unstable equilibria and a sensitivity to initial conditions.
Consequently, they point to a role for policy to ensure that initial condi-
tions on the growth path are generated which take the possibility of a tech-
nological comparative advantage into account. For example, to ensure that
more resources are devoted to the good with a high learning-by-doing pro-
pensity, an industrial policy of “picking winners” would appear helpful in
the Lucas (1988) model. The introduction of trade in this framework also
generates complete specialisation. Over time, the terms of trade change
continuously to reinforce the pattern of comparative advantage. Provided
the goods are good substitutes, regions which produce the good which en-
joys a faster technical change will continue to have a higher growth rate,
resulting in a persisting change in the terms of trade. Thus, this dynamic
trade model suggests again a persistent pattern of uneven development.
Markusen (1996) recently emphasised that industrial policy consequently
favours the highly urbanised high-income regions and that a top-down
regional policy continues to be desirable to avoid increasing inequities
between regions.
There is of course a fairly long tradition of emphasising uneven de-
velopment in the regional growth literature, such as expounded, for exam-
ple, in Myrdal’s (1957) cumulative causation theory. For a recent contribu-
tion of the link between cumulative causation and trade, see Venables
(1996).
A challenge in modelling regional growth with cumulative causation
effects is to be able to endogenise changes in the position of individual
regions in this growth continuum. Possibilities for such growth switches
would include – on the demand side – the introduction of different income
elasticities for different classes of goods; and on the supply side the con-
tinuing introduction of new goods, with learning potentials declining with
the amount produced. Such factors could continuously shake up the exist-
ing pattern of specialisation and explain why, for example, the rapid
growth in Newly Industrialised Economies has been associated with a
growth of exports in products initially not produced in these countries.
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4. Transitional dynamics: convergence or divergence
Parallel to the development of the new models of growth which we dis-
cussed in the previous two sections, a related empirical literature has bur-
geoned. However, this literature has not attempted as yet to verify empiri-
cally whether the new sophisticated models provide an adequate description
of cross-section or intertemporal differences in growth rates. It is often dif-
ficult to derive from the new theories estimable equations, for example be-
cause the behaviour away from the steady state is theoretically uncertain.
Also, some of the variables of the new models such as knowledge are hard
to measure (Mankiw 1995).
Because it is possible to describe exactly in the Solow-Swan model how
an economy develops over time from any initial position, and therefore
how the transition to the steady state will be made, much of the literature
on transitional dynamics and convergence is based on this traditional model
(e.g. King and Rebelo 1993). Indeed, some research suggests that the em-
pirical evidence on convergence is not consistent with theories in which
trend growth rates differ across economies endogenously (Evans and Karras
1996).
There are two notions of convergence. Weak convergence, also called b-
convergence, takes place when low income regions or countries grow faster
than high-income ones, all else being equal. Strong convergence, also
called r-convergence, takes place when the standard deviation of the distri-
bution of income across regions or countries declines. b-Convergence is a
necessary but not sufficient condition for r-convergence (Sala-i-Martin
1996). In simple terms, b is the slope coefficient from a regression of the
growth of real income on the logarithm of its level. Convergence to the
steady state would imply a negative coefficient. This type of regression can
be carried out both with time-series data or with cross-section data. In the
former case, the specification would be
log yt=ytÿ1  aÿ 1ÿ eÿb log ytÿ1  ut 23
for a time series of observations t  1; 2; :::;T while in the case of a cross
section of regions or countries i  1; 2; :::; I the regression equation is
1=T log yiT=yi0  aÿ 1ÿ eÿbT=T  log yi0  ui0;T 24
where 0 and T now refer to two points in time over which growth is com-
puted. When the estimated Eqs. (23) and (24) provide a good fit, this
would suggest so-called absolute convergence. In practice, there are many
structural differences between countries or regions which would influence a
cross-section equation or shocks to the growth process which would affect
the time series equation. Consequently, research in this area usually pro-
ceeds to estimate (23) and (24) with a range of additional variables added
and a significant b in this situation is referred to as conditional b conver-
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gence. Some data sets may in fact permit estimation with pooling of cross-
section and time-series data (e.g. Knight et al. 1993).
Barro and Sala-i-Martin (1995) show how the value of b is related to
the parameters of the Solow-Swan model with a Cobb-Douglas production
function for a growth process that is actually described by this model. They
find that b  1ÿ ax n d. Using the parameter values given in
Sect. 2, we get b  1ÿ 0:750:02 0:01 0:05  0:02. This suggests
that 2% of the gap between the current income and the steady state is re-
duced each year.
There is indeed some evidence of convergence at this rate. This evi-
dence is stronger for regions than for countries and, within a cross section
of countries, stronger for similar nations than for a broader cross section.
For example, Barro and Sala-i-Martin (1992) and Sala-i-Martin (1996) find
convergence across the states of the USA, prefectures of Japan and five
European countries. Similarly, Andres et al. (1996) find convergence
among OECD countries. Persson (1994) finds convergence across Swedish
counties. Even Quah (1996), who is generally sceptical of claims of strong
convergence in economic growth, finds evidence of such convergence
across US states. Ben-David (1996) finds that convergence is stronger
among countries that have strong trading relationships.
The speed of convergence is similar in many empirical studies, namely
about 2% per year and therefore only consistent with the Solow-Swan mod-
el when capital is interpreted as including human capital (so that the share
of capital in income is as high as 75%). Using more conventional parame-
ter values, Mankiw (1995) finds that the Solow model suggests conver-
gence at a speed of 4% per year, i.e. faster than is actually the case,
although Cashin and Loayza (1995) find a speed of convergence at this
rate after controlling for the effect of net international migration in a sam-
ple of nine South Pacific countries.
A by-product of the regression equations specified above is that the ad-
ditional explanatory variables may lead to some insight into the causes of
differences in growth rates. For example, Barro and Sala-i-Martin (1992)
explain the persisting differences in steady-state growth rates in rather ad
hoc fashion by school enrolment rates and government consumption expen-
diture (excluding education and defence). A cross-section of countries
shows in their research a lesser tendency to convergence. Similarly, Man-
kiw et al. (1992) show that the textbook Solow-Swan model needs to be
augmented to make the model useful in explaining differences in income
per capita across countries. They find that introducing human capital accu-
mulation explicitly (measured by secondary school enrolment rates) has the
same type of positive effect on income per head as the savings ratio s in
the standard Solow model. The augmented model provides some evidence
of inter-country convergence, although again at a slow rate.
Regional openness and interconnectedness may of course be responsible
for the somewhat more convincing patterns of convergence observed at the
regional level than in cross-country comparisons. For example, Barro and
Sala-i-Martin (1992) point to diffusion of technological change having the
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potential of generating convergence even if the marginal product of capital
is not declining. Nonetheless, despite well known historical evidence of
convergence of incomes across states of the USA (e.g. Easterlin 1960),
there are fairly lengthy periods during which one can observe divergence8
and the evidence that factor mobility operates as an equilibrating process is
also rather inconclusive.9 Richer models are needed to explain such obser-
vations.
A vast literature has emerged during the last decade on which factors, in
addition to the convergence effect, explain differences in growth rates be-
tween regions or countries. A review of this literature is beyond the scope
of the present paper, but see inter alia Kormendi and Meguire (1985), Bau-
mol (1986), De Long (1988), Dowrick and Nguyen (1989), Barro (1991)
and Barro and Sala-i-Martin (1992). However, Levine and Renelt (1992)
find that many of the regression models may suffer from specification er-
rors and the results are not very robust. Moreover, Evans (1995) shows that
the usual approach of estimation with OLS is in this context inappropriate.
In recent years, several studies have also attempted to focus on specific
variables which are often considered to be important from the growth per-
spective. For example, De Long and Summers (1991) find that equipment
investment can raise growth rates, and more strongly than investment in
structures. Perroti (1996) finds that a lower income inequality raises growth
rates, while Barro (1996) finds that political freedom has a positive effect
on growth. Finally, Devarajan et al. (1996) show that the composition of
public expenditure can have an important effect on growth. Specifically,
governments of developing countries appear to have allocated relatively too
many funds to public capital expenditures, at the expense of current expen-
ditures.
5. Alternative approaches
Although the Solow-Swan model was also extensively used for the purpose
of studying the growth of regions, of which Borts and Stein (1964) is a
well-known example, dissatisfaction with this model led to a search for
alternatives. This dissatisfaction was due to several reasons. Firstly, the neo-
classical model predicted convergence, which contradicted with many case
studies of uneven development. Secondly, the theory did not provide any
guidance regarding policy instruments which could help to raise the growth
rate. Thirdly, the macro focus of the neoclassical model is inadequate to ex-
plain any regional differences in growth rates which may be due to signifi-
cant differences in sectoral composition. In this context it is useful to note
that Bernard and Jones (1996) found recently, using data on 14 OECD
countries, that there is a lack of convergence in manufacturing while aggre-
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8 The periods 1840–1880, 1920–1940 and 1970–1980 are periods of interregional divergence
in the USA. See also Carlino and Mills (1996).
9 See for example the discussion in Armstrong and Taylor (1985, pp. 118–121).
gate convergence results may be driven by services. Fourthly, the neoclassi-
cal model in a regional setting only permits the study of regions as point
economies, with a possible interaction through factor flows, but it does not
address the distribution of economic activity over continuous space.
Consequently, many alternative approaches were proposed during the
1960s and 1970s, such as the export base model, econometric models,
(multi-regional) input-output and computable general equilibrium models;
multisector development planning models, cumulative causation dynamic
models etc. (see e.g. Richardson 1973). Some of the current endeavours to
obtain a precise micro-level description of all sectors and the requirements
for general equilibrium could already be found in the optimal space-time
development models of regional science literature (e.g. Isard et al. 1979).
However, the questions of the existence, uniqueness and stability of opti-
mal solutions could not yet be addressed at the time.
The rather secondary role of trade in the neoclassical model led to a sig-
nificant popularity of Keynesian modelling with a heavy emphasis on de-
mand considerations. For example, output growth in a region is driven in
the well-known Kaldor-Dixon-Thirlwall model by relative competitiveness
and income growth outside the region (Dixon and Thirlwall 1975). Supply-
side factors play in such an export-led growth model only a role in terms
of the effects of cost inflation and productivity on relative competitiveness,
with the latter effect being generated by means of Verdoorn’s law (Ver-
doorn 1949). This model explains differences in equilibrium growth rates
between regions in terms of differences in price and income elasticities in
the demand for exports and differences in rates of autonomous productivity
growth.
In more formal terms, output growth is assumed to be export-led:
~Y  x ~X 25
where ~ refers again to a rate of growth and X to the volume of exports.
The export demand function has constant price and income elasticities
~X  ÿg~p n~p f  p ~Y f : 26
Price inflation results from fixed mark-up pricing on production costs,
which in turn depend on unit wage costs w and labour productivity. Thus,
in rate of change terms
~p  ~wÿ ~y : 27
Central to this growth model is that labour productivity is partly dependent
on growth of output itself, i.e. Verdoorn’s Law:
~y  j k ~Y : 28
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This equation is the result of inductive macroeconomic research and in-
creasing returns may be the driving force behind it. However, the key
weakness of this approach is that it does not explain which processes at the
micro-level cause the positive feedback effect from output growth on pro-
ductivity growth. Nonetheless, an extensive literature exists regarding the
empirical evidence for the Verdoorn equation (reviewed in e.g. Bairam
1987). This literature suggests that the observed relationship may be the re-
sult of simultaneous responses in output and labour markets to changes in
demand, combined with the effects of economies of scale and technical
progress. Naturally, a simultaneous equation approach is required for em-
pirical estimation of the parameters in (28). By and large, the empirical evi-
dence suggests that k is positive.
The reduced form of the model (25)–(28) is readily computed and sug-
gests a constant rate of growth of income per worker:
~y  j kxÿg~wÿ j  n~p
f  p ~Y f 
1ÿ kxg : 29
This model has unrealistic implications if it is considered in an explicit two
region situation in which income growth in either region affects growth in
the other region through trade between them. It is fairly straightforward to
compute the reduced form for the per capita income growth rates in both
regions, but dependent on the choice of parameters, these growth rates
could obviously differ and would suggest a persisting trade imbalance
(Nijkamp and Poot 1993a). Krugman (1989) noted that long-run balance of
payments equilibrium in such a regional growth-and-trade framework ne-
cessitates a strict relationship between differences in growth rates between
regions on the one hand and income elasticities of the demand for exports
and imports on the other. 10 The Kaldor-Dixon-Thirlwall model is itself not
informative about the processes which would ensure that the growth rates
which this model generates would be consistent with long-run balance of
payments equilibrium.
For example, if technical change proceeds at a different pace in two re-
gions, growth in the more innovative region could be hampered by lower
demand for its output from the less innovative, and less competitive, re-
gion. Indeed, if the Verdoorn effect is strong enough, a situation of “immi-
serising” growth may be generated in which a detrimental shock in the
trading partner’s economy (e.g. a rapid growth in nominal wages) is more
than compensated by an, on balance, negative effect on the local economy.
The model discussed above does not take into account explicitly the
possibility of factor flows between the regions, nor the diffusion and adop-
tion of technological advances. These phenomena cannot be readily intro-
duced here. For example, net migration would respond to the difference in
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10 Interestingly, the latter condition appears indeed consistent with international trade data, i.e.
countries which grow fast tend to experience a high income elasticity of the demand for their
exports, while the income elasticity of their demand for imports is low.
growth rates in per capita incomes, but the latter are again likely to be
themselves affected by net migration. Moreover, production capacity limits
are assumed unimportant here. In essence, the model describes the proper-
ties of a demand-driven steady-state growth path rather than full dy-
namics.11 Yet it does make explicit that an exogenous shock to trade can
have a long-term impact on the equilibrium growth rate, although our dis-
cussion suggests that the introduction of simple explicit feedback effects
(here aggregate demand and relative competitiveness) can strongly modify
the behaviour which may be expected in the absence of such effects.12
Recently, Targetti and Foti (1997) showed that a blending of the ideas of
neoclassical conditional convergence, Kaldorian technological progress and
export-led demand growth can be fruitful for cross-section econometric ex-
planations of country growth rates, although their results are quite sensitive
to the choice of groups of countries.
The various approaches discussed in this paper have in common the in-
terpretation of economic growth as a moving macroeconomic equilibrium
in which the underlying processes can be described in rather mechanical
terms. An alternative approach is to consider regional growth as the result
of (un)stable evolution in a system of competing regions. Evolutionary eco-
nomics has tried to examine the space-time trajectories of dynamic com-
plex systems on the basis of biological metaphors (see for an excellent
overview Nelson 1995). Notions like predator-prey, resilience, fragility and
shocks are used to map out the various types of dynamics that may emerge
once a system of open economies with indigenous externalities is described
by nonlinear complex (synergetic) dynamics (see Nijkamp and Reggiani
1997). In such cases, a wide spectrum of dynamic behaviour may emerge,
in particular if the parameters defining the architecture of a system are also
becoming time-dependent in the long-run. Evolutionary theories of eco-
nomic growth have already existed for some time (see, for example, the
overview of Nelson and Winter 1974). Yet there is still a great potential
for further in-depth study of economic growth and dynamics in a multi-
regional system by means of evolutionary economics.
6. Conclusions
In this paper we have surveyed the literature on the new models of eco-
nomic growth which have been developed during the last decade. We have
contrasted these with the earlier theories and with the common alternative
approaches of studying regional development. Despite their macro-level ori-
entation, the strength of the new models is that they give better insight into
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11 It is possible to introduce lags in the behavioural equations. Dixon and Thirlwall (1975)
showed that the introduction of one-period lags in the export demand function still generates
convergence to the equilibrium growth rate for plausible values of the elasticities.
12 This is a general conclusion for models of interdependent regions. See also, for example,
the models which have been developed by Frenkel and Razin (1987) to describe the effects of
fiscal policies and monetary conditions on equilibrium output in a “two-region world”.
the economic dynamics in an open system, specifically with respect to spa-
tial interdependencies in the form of trade, factor mobility and innovation
diffusion.
Many new models have been proposed in the literature. Such models
capture one or more of the important features of development: sectoral
composition, human and physical capital accumulation, natural endow-
ments, economies of scale, trade, technological innovation and diffusion,
factor mobility, government policies and market imperfections. However,
the design of a coherent and unified framework appears to be far from
easy. Moreover, most of the new theories require further extensive empiri-
cal scrutiny. In such empirical work it will be important to distinguish be-
tween transitional dynamics and long-run steady-state tendencies.
Much of the current literature adopts a macro perspective, albeit with
carefully specified micro foundations. A common problem in empirical
macroeconomics is that the macro data are sometimes unable to permit the
researcher to conclusively choose between competing theories. For exam-
ple, this problem has reduced what we can learn for policy formulation
from the large literature on cross-country and cross-region growth regres-
sions (see also e.g. Mankiw 1995).
Both the export-led growth model and the general equilibrium models
considered in this paper had the ability to generate persisting differences in
long-run growth rates in the presence of some spatial interdependency, pro-
vided there were barriers to other types of flows. Moreover, some models
with increasing returns due to endogenous technical change suggest that
there is a tendency for a highly interdependent system to be unstable, with
a likelihood of “uneven development”. While the new growth models offer
interesting and appropriate foundation stones for a thorough analysis of the
evolutionary patterns of a multi-regional system, it is obvious that much
work in this area remains to be done. In particular, a better integration of
micro- and macro-level approaches is required.
For example, the locational aspects of R&D creation, diffusion and
adoption deserves much closer attention. To some extent, this issue is com-
parable to the infrastructure debate as presented, among others, in Biehl et
al. (1986) and Nijkamp (1986). Production theories may be used to assess
the implications of a favourable infrastructure in particular regions with re-
spect to differential competitiveness. Endogenous growth initiatives may
also be relevant in this context. The lumpiness of infrastructure means that
the regional benefits may only be expected in the long run, while invest-
ments are to be made in the short run. Thus, financial resources have to be
set aside which may have an uncertain future return, in particular since the
demand responses to supply of public infrastructure are difficult to gauge.
The same applies to unforeseen impacts of economic integration (the Euro-
pean market, NAFTA, etc.). Therefore, issues on the demand side, such as
household behaviour, impediments to trade and the institutional structure,
should not be ignored either.
In our context, a regional dynamisation of a production function, accom-
panied by a technological diffusion function with parameters dependent on
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information barriers on the one hand and competitive behaviour on the
other, would provide a promising starting-point. Changing trade patterns,
factor flows and public policies can then be incorporated to identify the
long-run growth tendencies of the regions in the system.
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